Objective: Gender influence on GH secretion in human immunodeficiency virus (HIV)-infected patients is poorly known. Design and methods: To determine the effect of gender, we compared GH response to GH-releasing hormone plus arginine (GHRHCArg), and body composition in 103 men and 97 women with HIV and lipodystrophy. The main outcomes were IGF1, basal GH, GH peak and area under the curve (AUC) after GHRHCArg, body composition, visceral adipose tissue (VAT), and subcutaneous adipose tissue (SAT). Results: Men had lower GH peak and AUC than women (P!0.001). Of the study population, 21% of women and 37% of men had biochemical GH deficiency (GHD; GH peak !7.5 mg/l). VAT-to-SAT ratio was higher in men than in women with GHD (P!0.05). Unlike women, VAT, SAT, and trunk fat were greater in men with GHD than in men without GHD. IGF1 was significantly lower in women with GHD than in women without GHD, but not in men. At univariate analysis, BMI, trunk fat mass, VAT, and total adipose tissue were associated with GH peak and AUC in both sexes (P!0.05). BMI was the most significant predictive factor of GH peak, and AUC at multiregression analysis. Overall, abdominal fat had a less pronounced effect on GH in females than in males. Conclusions: These data demonstrate that GH response to GHRHCArg is significantly lower in HIV-infected males than females, resulting in a higher percentage of GHD in men. Adipose tissue distribution more than fat mass per se seems to account for GH gender differences and for the alteration of GH-IGF1 status in these patients.
Introduction
Human immunodeficiency virus (HIV)-infected patients treated with highly active antiretroviral therapy (HAART) are at risk of developing several endocrine and metabolic complications (1, 2) . Reduced growth hormone (GH) secretion is observed in about one-third of HIV-infected men (3, 4) on HAART and it is associated, at least in part, with HIV-related lipodystrophy (5) . Furthermore, GH secretion is often impaired in HIV-infected women (6) . In both sexes, GH secretion seems to be negatively associated with BMI, waist circumference, and waist-to-hip ratio (4, 6, 7) . However, visceral fat is not strongly associated with GH impairment in women (8) , and increased visceral adiposity does not fully explain the degree of GH deficiency (GHD) in HIV-infected patients of both sexes (6, 8, 9) .
GH response to GH-releasing hormone plus arginine (GHRHCArg) is impaired in HIV-infected men and women even when compared with gender-matched controls (6, 7, 8, 9) . Moreover, reduced GH secretion seems to occur more frequently in HIV-infected males than in females (6) .
In HIV-uninfected subjects, gender is known to have significant effects on basal (10) and pulsatile (11) GH secretion. Actually, women show higher basal serum GH than men, probably due to different amounts of circulating estrogens. Indeed, estrogens are known to reduce serum insulin-like growth factor 1 (IGF1) and its negative feedback (12) , resulting in a greater GH secretory burst mass in women (13) . On the other hand, gender seems not to influence GH response to a provocative test, especially when using the insulin tolerance test or after adjusting the results for BMI, as in the case of GHRHCArg testing (14) .
On this issue, less is known in HIV-infected subjects. Only one study compared GH secretion in HIV-infected men and women (6) , showing that women had significantly higher GH peak and GH area under the curve (AUC) in response to GHRHCArg (6) . Anyhow, this study was limited by i) the discrepancy between the number of HIV-infected men (n, 139) and that of HIV-infected women (n, 25) and ii) anthropometric parameters and body composition evaluated only by physical examination.
To our knowledge, any previous research protocol compared HIV-infected men and women, with regard to hormonal, metabolic parameters, direct measurements of body composition by means of dual-energy X-ray absorptiometry (DEXA), and abdominal adipose tissue distribution with single-slice computed tomography (CT).
The aim of this study was to determine the effects of gender on GH secretion in HIV-infected patients with lipodystrophy, exploring the relationship among GH-IGF1 status, body composition, and metabolic parameters. From a pathophysiologic point of view, it is important to quantify the influence of body composition on GH secretion in both sexes to better understand the underlying mechanisms of GHD in the context of HIV infection. Moreover, it could have clinical implications because the awareness of gender differences may be important in order to identify true GH-deficient patients and to target treatment strategies.
Subjects and methods

Subjects
We prospectively enrolled, at the University of Modena and Reggio Emilia, a total of 207 Caucasian outpatients, between the age of 18 and 69 years, all with HIV-related lipodystrophy. Among outpatients attending the Clinic of Infectious Diseases over a period from June 2005 to September 2011, only those fulfilling the inclusion and exclusion criteria listed below were selected.
Inclusion criteria " A documented HIV infection for more than 5 years and an ongoing HAART treatment for at least 6 months were mandatory for the enrollment in the study. All the subjects with a physician-confirmed diagnosis of lipodystrophy according to the HIV Outpatients Study definition (15) , with or without metabolic alterations, were considered eligible.
Exclusion criteria " Diabetes mellitus; signs, symptoms, or a medical history of pituitary disease; a previous conventional pituitary surgery or radiotherapy; hypogonadism; pregnancy; documented menopause; previous or current treatment with corticosteroids and/or exogenous estrogens; use of oral hypoglycemic drugs, insulin; and a history of recombinant human GH (rhGH) treatment within the 3 months preceding the enrollment in the study. In order to avoid classes 2 and 3 obesity, that are potential confounding factors for the study of GH secretion, we restricted the enrollment of HIV-infected subjects with a BMI !35 kg/m 2 .
At the end of the enrollment, 97 females and 103 males were considered eligible. Most of the 97 women enrolled have been previously described (8) .
Methods
All subjects underwent venous blood sampling at 0800 h after an overnight fast. All blood samples were stored at K80 8C until assayed, in the same laboratory. The population enrolled for the research protocol underwent biochemical and endocrinological evaluations including GHRHCArg testing.
Assessment of GH secretion and GH-IGF1 axis " GH-IGF1 axis was studied under basal condition, assaying serum GH, IGF1, and IGF-binding protein 3 (IGFBP3) and under dynamic testing.
A standardized GHRHCArg test was carried out (GHRH 1-29; GEREF, Serono; 1 mg/kg i.v. at 0 min; arginine clorhydrate, 0.5 g/kg i.v. for 30 min, from 0 to C30 min, up to a dose of 30 g). Blood samples were obtained every 15 min, from K15 to C60 min, then every 30 min till 120 min, as previously standardized (16, 17) . This test is considered safe and without side effects (16, 17) . GH peak response to GHRHCArg test was evaluated in all the 200 enrolled subjects, according to several cutoff values available in the literature for both HIV-infected and HIV-uninfected subjects (6, 7, 16, 17, 18) . As previously standardized (8), the threshold of GH peak of 7.5 mg/l was used to separate normal from impaired responses to GHRHCArg in the context of HIV. This was in accordance also to previous studies on HIV-infected subjects (6, 7, 9) and it is similar, but more restrictive than that of 8.0 mg/l commonly used for overweight subjects even in non-HIV-infected adults (17) . Serum GH peak and the AUC were the two parameters considered for the measurement of the amount of GH in response to GHRHCArg.
Other hormonal and biochemical parameters " Serum estradiol (E 2 ), testosterone, glucose, insulin, and lipid profile (triglycerides, total cholesterol, LDL, and HDL) were measured in all subjects.
HIV infection related parameters " The HIV infection characteristics (i.e. duration of HIV infection, antiretroviral class, and single drug exposure) were obtained from medical records, while CD4 cell count and quantitative plasma HIV RNA viral load were assayed in all enrolled patients.
Body composition and adipose tissue distribution " Anthropometric variables of all the subjects were recorded at medical examination and body composition was measured by means of DEXA and abdominal CT scan.
Patients' weight and height were measured after a 5-h fast by means of a balance and a stadiometer respectively; waist and hip circumferences were expressed as the average of three different measurements (cm).
A whole-body composition study (lean and fat mass) was performed by DEXA (Hologic, Inc., Waltham, MA, USA) as previously standardized (19) , with a precision of 3% for the measurement of fat mass and 1.5% for fat-free mass (20) .
Adipose tissue distribution was studied by a CT scan, with a single-slice abdominal scan at L4 level as in standard protocols. Abdominal visceral adipose tissue (VAT) and abdominal subcutaneous adipose tissue (SAT) were determined (21) , with total abdominal adipose tissue (TAT) being the sum of VAT and SAT.
Laboratory analysis " Serum IGF1 was measured by RIA (INCSTAR Corp., Stillwater, MN, USA), with linear reading up to 0.002 nmol/l, and inter-and intra-assay coefficients of variation (CV) of 12 and 8% respectively. Serum IGFBP3 was measured by immunochemiluminescence (LIAISON Nichols Advantage, San Juan Capistrano, CA, USA), with inter-and intra-assay CV of 4.8 and 5% respectively. Serum GH was measured using a fluoroimmunometric assay (LIAISON DIASORIN Autodelfia hGH Kit, Stillwater, MN, USA) with a sensitivity of 0.02 mg/l, with a linear reading up to 80 mg/l, and inter-and intra-assay CV of 5.5 and 4.9% respectively. Serum E 2 was assayed by RIA (Third-Generation DSL-39100, Diagnostic Systems Laboratories, Inc., Webster, TX, USA) with a sensitivity of 2.2 pmol/l (0.6 pg/ml), the CV were 4.1-9.9% (interassay) and 3.4-3.9% (intra-assay). Glucose, insulin, and lipid profile (triglycerides, total cholesterol, LDL, and HDL) were assayed using commercially available kits. The CD4 cell count was performed by flow cytometry (Becton Dickinson Immunocytochemistry Systems, San Jose, CA, USA). Quantitative plasma HIV RNA viral load was performed by ultrasensitive method (Amplicor HIV-1 Monitor Assay; Roche Molecular Systems), with the detection range between 50 and 75 000 copies/ml.
Statistical analysis
The nonparametric Mann-Whitney U test was used for comparisons because most of the variables were not normally distributed by the Kolmogorov-Smirnov test. All the data are shown as median and minimum to maximum (min-max) in parenthesis.
The number of subjects with normal or impaired GH response to GHRHCArg is expressed as percentages, according to different cutoffs.
We evaluated demographic, anthropometric, metabolic, and hormonal variables in order to identify possible predictive factors for GH response to GHRHCArg. A stepwise, linear, multiple regression analysis was performed using serum GH peak and the AUC as dependent variables in two different analyses and age, BMI, total lean body mass, trunk lean mass, trunk fat mass, insulin, triglycerides, waist circumference, serum testosterone, and E 2 as independent variables. A second stepwise, linear, multiple regression analysis was performed by using as independent variables of body composition, those obtained by abdominal CT scan (VAT, SAT, and TAT) instead of that obtained by DEXA, without modifying the dependent variables and all the other independent variables. These stepwise, linear, multiple regression analyses were performed twice: i) in all subjects and ii) in men and women separately.
All multiple regression analyses were based on a single regression analysis for each predictor/independent variable that allowed identifying candidate predictive variables. A univariate analysis was carried out before multivariate analysis. The independent variables with significance P values of !0.05 were entered into the regression model. Stepwise, linear, multiple regression analysis using a backward elimination method was applied to the data with P!0.10 as the criterion for a variable to be considered in the model. The percentage of contribution of a given variable to the variance of both the GH peak and the AUC was determined by using the square of the Pearson's correlation coefficient (r 2 ).
Statistical analysis was performed using the 'Statistical Package for the Social Sciences' Software for Windows (version 16.0; SPSS, Inc., Chicago, IL, USA). For all comparisons, P values !0.05 were considered statistically significant.
Ethics
Written informed consent for participation in the study was obtained from each subject before testing. The Local Institutional Review Board (Comitato Etico di Modena) approved the study (number 158/07).
Results
Clinical and demographic characteristics and comparison between females and males are shown in Table 1 . Age, BMI, waist circumference, waist-to-hip ratio, VAT, VATto-SAT ratio, total and trunk lean mass, serum glucose, triglycerides, and testosterone were significantly higher in HIV-infected men compared with women (Table 1) . Basal serum GH, GH peak, AUC, HDL cholesterol, SAT, total and trunk fat mass, and serum E 2 were significantly lower in HIV-infected men compared with women (Table 1) .
When different cutoffs for the GH peak after GHRHC Arg were considered, the percentage of HIV-infected patients failing to reach a normal GH peak varied according to the cutoff used.
Considering males and females together, 6, 7, 10, 14, and 29% failed to reach a GH peak above the thresholds of 2.5, 3.3, 4.2, 5, and 7.5 mg/l respectively. Using the less restrictive cutoffs of 8 and 9 mg/l, commonly used in clinical practice for healthy subjects, 31 and 36% of the entire cohort failed to reach a normal GH peak above these thresholds.
Considering females and males separately, men were more GH-deficient than women, independently from the cutoff used ( Fig. 1 ). Precisely, 9, 10, 12, 19, 37, 39, and 43% of males failed to reach a GH peak above 2.5, 3.3, 4.2, 5, 7.5, 8, and 9 mg/l respectively. Conversely, only 3, 5, 8, 9, 21, 23, and 28% of females failed to reach the same thresholds (Fig. 1 ).
The cutoff of 7.5 mg/l was used to separate HIVinfected men and women with biochemical GHD from those without GHD, as explained in detail in the 'Methods' section. BMI, fat mass (both total and truncal), and VAT, SAT, and TAT were similar in men with GHD compared with women with GHD ( Fig. 2) . However, men with GHD had higher values of VAT-to-SAT ratio than their female counterparts (P!0.05; Fig. 2 ). Considering total lean mass, women with GHD had lower values (median, 42 493 g and min-max, 32 062-59 152 g) compared with men with GHD (median, 59 050 g and min-max, 48 690-73 485) (P!0.001). The intra-gender comparison showed that body composition was not significantly different between women with and without GHD, while in men with GHD trunk fat mass (P!0.01), and VAT and TAT were significantly higher than in men with normal GH peak (P!0.05) ( Fig. 3 ). Total testosterone serum levels did not differ between men with GHD and men with normal GH peak after GHRHCArg. Conversely, women with GHD had significantly lower serum E 2 levels (median, 50 pg/ml and min-max, 10-238 pg/ml) compared with women without GHD (median, 92 pg/ml and min-max, 10-398 pg/ml) (P!0.05).
No significant difference was found in IGF1 levels in men with normal GH response compared with those with GHD, even when the more restrictive cutoffs were considered. Conversely, IGF1 was significantly higher in women with a normal GH response (median, 159 ng/ml and min-max, 55.2-395.0 ng/ml) than in those with GHD (median, 97.85 ng/ml and min-max, 25-205 ng/ml) (P!0.001; Fig. 3 ).
Considering all enrolled subjects, GH peak (rZ0.144, P!0.05) and AUC (rZ0.150, P!0.05) were positively correlated with IGF1, but not with basal GH and IGFBP3; IGF1 was positively correlated with IGFBP3 (rZ0.288, P!0.0001). At univariate analysis carried out according to gender, BMI, trunk fat mass, waist circumference, weight, VAT, and TAT were significantly associated with GH peak in both sexes (Table 2) . Age, testosterone, and SAT resulted associated with GH peak only in HIV-infected men, while total and trunk lean mass resulted associated with GH peak only in HIV-infected women ( Table 2) .
At univariate analysis carried out according to gender, BMI, trunk fat mass, VAT, and TAT were significantly associated with the AUC in both sexes (Table 3 ). Age and testosterone resulted associated with the AUC only in HIVinfected men, while total and trunk lean mass waist circumference and weight resulted associated with the AUC only in HIV-infected women ( Table 3) . When considering CT scan parameters, GH peak (rZ0.215 in males and rZ0.349 in females) and AUC (rZ0.210 in males and rZ0.347 in females) were always inversely related to VAT. E 2 , insulin, and triglycerides were not associated with GH peak and AUC, both in HIV-infected women and men (Tables 2 and 3 ). The result of univariate analysis is provided as secondary outcome in order to clarify the possible impact of each variable on GH secretion according to gender. As most of the variables (especially those of body composition) are surrogates of the same phenomenon (e.g. adiposity) and they entered a multiple comparison, the unadjusted statistical output should not be considered very conservative even though it contains useful information.
At stepwise, linear, multiple regression analysis of the whole group, using the parameters of body fat measured by DEXA as independent variables, BMI was the most significant predictive factor for both GH peak (r 2 Z0.152) and AUC (r 2 Z0.149), followed by age. Considering gender, BMI remained the most significant predictive factor for both GH peak (r 2 Z0.160) and AUC (r 2 Z0.177) only in females. Otherwise, trunk fat mass was the most significant predictive factor in men for both GH peak (r 2 Z0.114) and AUC (r 2 Z0.077).
A second stepwise, linear, multiple regression analysis of the whole group, using the parameters of body fat measured by abdominal CT scan (SAT, VAT, and TAT), instead of those of DEXA, as independent variables, indicated that BMI was the most significant predicting factor of both GH peak after GHRHCArg (r 2 Z0.140) and AUC (r 2 Z0.141), followed by age. Considering gender, BMI remained the most significant predictive factor for both GH peak (r 2 Z0.146) and AUC (r 2 Z0.168) only in females, followed by VAT. In men, TAT was the most significant predictive factor for GH peak (r 2 Z0.070). No variable entered the model when AUC was used as 
Discussion
The results of the present study, based on a considerable number of HIV-infected lipodystrophic patients, indicate that: i) GH peak and AUC after GHRHCArg are significantly lower in HIV-infected males than in females; ii) the percentage of HIV-infected subjects failing to respond to GHRHCArg is higher in men than in women; iii) adipose tissue distribution should play a role in determining such gender differences; and iv) GH response to GHRHCArg in HIV-infected males and females is more frequently impaired than in the general population.
Gender differences
The present study confirms that HIV-infected women have higher basal serum GH and they respond to GHRHCArg better than HIV-infected men, in terms of higher values of GH peak and AUC. This is in line with previous results obtained in a smaller group of patients (6) . This pattern of GH response to GHRHCArg, however, differs from what happens in HIV-uninfected subjects (14, 22) . Data from the general HIV-uninfected population, in fact, suggest a significant effect of gender on GH regulation (11) , but this gender difference seems not to involve GH secretion elicited by provocative stimuli (14, 22) . As a matter of fact, gender differences in GH peak and AUC after GHRHC Arg found in HIV-uninfected subjects were merely ascribed to differences in BMI and are lost after adjusting data for this variable (14) . Otherwise, gender differences in basal serum GH are in accordance with data obtained from HIV-uninfected subjects (10, 11) . With this in view, more HIV-infected men could be biochemically classified as GHD than HIV-infected women. The clinical relevance of this finding, as well as its explanation, is difficult to clarify; a few hypotheses, however, can be made. Koutkia et al. suggested that gender difference could be related to the body composition changes typical of the HIV-related lipodystrophy, but, unfortunately, they investigated body composition only through indirect and not easily reproducible tools (BMI, waist circumference, and WHR) (6) . When body composition is investigated via two direct methods widely used and validated, such as whole-body DEXA and abdominal CT scan, as in the present study, HIV-infected males show less total body fat mass compared with females, but an unfavorable adipose tissue distribution consisting in higher VAT and VAT-to-SAT ratio than in females. This unfavorable fat distribution is more manifest in HIV-infected men with GHD who have higher trunk fat mass, VAT, and TAT than in HIV-infected men without GHD. Accordingly, VAT is inversely related to GH peak and AUC in HIV-infected men, and trunk fat mass is the most significant predictor of both GH peak and AUC in men at the univariate and multiple regression analyses respectively. This association was less evident in women.
Taken together, all these findings allow to further substantiate the preliminary results obtained by Koutkia et al. (6) and provide evidence that body composition influences GH peak in HIV-lipodystrophic males more than in females. In particular, GH response to GHRHCArg is inversely related to visceral fat, especially in men (6) . On the other hand, as HIV-infected women had more TAT but a smaller visceral component than men, it seems that the distribution of adipose tissue more than the fat mass per se plays a role in GH secretion in these patients.
Whether the GHD or the increase in visceral fat comes first remains an unsolved dilemma, as the increase in visceral fat blunts the GH secretion (17, 23) , but it is also a consequence of GHD (24, 25) .
Moreover, it must be said that all the variables associated with GH response at univariate analysis and those entering the regression models account only for a small part of the GH-IGF1 axis alterations. Indeed, all the factors associated with impaired GH secretion both in Comparison of GH peak response to GHRHCArg between HIVinfected males and females according to several cutoffs. Values are expressed as the percentage of subjects whose GH peak was below each different cutoff value or above 9 mg/l.
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HIV-infected men and women do not fully explain the frequency and severity of GHD in this particular category of patients. For this reason, the role of other factors related to the HIV infection (such as the HIV itself, HAART treatments, the poor general health in these patients, and their chronic inflammation and alterations in immune system) in the genesis of GHD could not be excluded (4, 26) . Accordingly, several lines of evidence suggest that in these patients, the HIV status could be considered the strongest predictor of GH response to GHRHCArg (8), similar to what happens for other pituitary dysfunctions in the context of HIV, such as male hypogonadotropic hypogonadism (27) .
Strength and limitations of the study
The strengths of this study lie: i) in the number of patients of both sexes enrolled, especially women who are often less represented in the HIV cohorts; and ii) in the direct measurement of fat tissue distribution by DEXA and abdominal CT scan. In addition, the methodological approach of this study based on the exclusion of subjects with severe and moderate obesity allows to minimize the detrimental effects of great fat depots on GH secretion. This study has, however, a few limitations such as the lack of data regarding several factors that might influence GH secretion. The mechanisms involved in the impaired GH secretion in the context of HIV could be related also to: i) increased free fatty acids (FFAs) concentrations; ii) an increased somatostatin tone; and iii) decreased ghrelin (28, 29, 30) . The present study does not provide information on all these three aspects, thus it is not possible to establish to what extent they might contribute to GH gender differences in these patients. From the literature, we know that FFAs impair GH response to secretagogues in both HIV-infected (29) and HIV-uninfected (23) subjects, and that this mechanism operates mainly in men (3, 4, 29) , being probably less pronounced or absent in women (4, 6) . Furthermore, unlike HIV-uninfected obese subjects, the number of GH pulses is not reduced in HIV-lipodystrophic subjects, but the pulse area and pulse width are markedly decreased (30) . This is probably due to an increased somatostatin and FFAs tone and to reduced ghrelin (29) . As ghrelin concentrations are about threefold higher in women than in men (31), ghrelin 
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might also play a role in the sexual dimorphism of GH profiles in HIV-infected patients. Actually, the evaluation of female subjects tested for GH secretion irrespective of their phase of the menstrual cycle represents another limit of this study. Data from HIV-uninfected subjects suggest a significant effect of gender on GH secretion, the latter being tonic in females and pulsatile, mainly nocturnal, in males (11) . Timing of GHRH secretion seems to also be different in the two sexes (10) due to estrogen-related amplification of GHRH secretion, attenuation of somatostatin-negative feedback (13) , and inhibition of IGF1 secretion (12) . Even though the results of the present study do not allow to exclude that the gender difference found could be due to circulating sex steroids, E 2 was not associated with the degree of GH response to GHRHCArg at univariate analysis in both HIV-infected men and women and did not enter any stepwise regression models. Testosterone was positively associated with both GH peak and AUC only in HIV-infected men at univariate analysis, but failed to enter the stepwise regression models, thus suggesting a weak association. The lack of information on free IGF1 does not allow drawing any conclusion on IGF1 biological activity and its gender difference in HIV-infected subjects. Another limit of the study is the lack of a control group of HIV-uninfected subjects.
As GHRHCArg does not check the integrity of the hypothalamic secretion, a possible hypothalamic alteration could not be ruled out. In addition, the lack of information regarding the hypothalamo-pituitary morphology does not allow excluding the coexistence of other causes of GHD in these patients. Morphological alterations of the hypothalamic-pituitary region, indeed, have been described to impair pituitary function in HIVinfected patients, but they are usually associated with other symptoms of hypopituitarism (32) .
Clinical relevance of GHD in patients with HIV
The present study confirms that GHD occurs more frequently in HIV-infected patients than in the general population, as the percentage of patients who fail to respond to GHRHCArg is higher than that obtained in healthy controls (16, 17, 18) and of that available from epidemiological data of GHD in adults (33, 34, 35) .
However, whether the impairment of GH secretion in HIV-infected subjects of both sexes represents a clinically relevant GHD or not is still an open issue (8, 26) . This question is crucial, in clinical practice, in order to establish whether HIV-infected patients require or do not require rhGH replacement treatment. Moreover, the awareness of gender differences may be important in order to identify true GH-deficient subjects and to target treatment strategies. Certainly, the use of a restrictive cutoff, as 7.5 mg/l (that is lower than that used for overweight patients), results in less misclassification of biochemical GHD. The patient's clinical condition is of little help for the diagnosis because clinical features of the GHD syndrome (such as osteoporosis, muscle mass loss, low energy, muscular weakness, reduced quality of life, and mood disorders) are nonspecific (25) , especially in these patients who often present them as part of the HIV infection features.
Similar to previous findings in HIV-infected patients (7), IGFBP3 did not correlate with GH peak and AUC. As far as decreased serum IGF1 is concerned, IGF1 was independent from GH response to GHRHCArg in men even when more restrictive cutoffs (2.5, 3.3, 4.2, and 5 mg/l) were considered, while it was significantly higher in women with normal GH peak compared with women with GHD. IGF1 is not useful for the diagnosis of GHD because it might be normal even in patients with validated GHD due to hypothalamic-pituitary disease (24, 25, 36) . Moreover, even in HIV-uninfected patients with documented GHD due to a hypothalamicpituitary injury, serum IGF1 is often lower in females than in males (37) .
On the other hand, the finding of isolated biochemical GHD is not sufficient for the diagnosis of true GHD because it needs to be coupled with a documented pituitary or hypothalamic disease (24, 36, 38) . In addition, the coexistence of HIV infection excludes the possible diagnosis of idiopathic adult GHD (25) . What we talk about regarding GHD in HIV-infected patients still remains a matter of debate and a challenging issue in clinical practice.
For all these reasons, rhGH treatment is not indicated in HIV-infected patients with documented biochemical GHD (24, 36, 39) . Several therapeutic strategies involving the GH-IGF1 system, however, have been undertaken in order to improve health in HIV-infected patients, but with the aim to counteract body composition changes and metabolic alterations due to HIV-related lipodystrophy (40) . These strategies include tesamorelin, a GHRH analog (41, 42) , IGF1 (43) , and rhGH (44, 45) administration. Unfortunately, all these clinical trials do not consider the GH secretive status of enrolled subjects at baseline and do not target the therapy to the correction of the GHD. Thus, it is not possible to establish, at present, whether these treatments, including physiological rhGH replacement, are more effective in HIV-infected patients with documented severe or mild GHD than in HIV-infected patients with no evidence of GHD. In HIV-uninfected patients, the efficacy of replacement therapy with rhGH strongly depends on the degree of GHD (the more severe the GHD, the more the effective rhGH is) (46, 47) and on accurate selection of patients for the treatment (46, 48) . It is possible that a subset of HIV-infected patients with a significant reduction in GH secretory response may benefit from the restoration of normal GH in terms of quality of life, BMD, and VAT.
Conclusions
The present study provides clinically relevant information improving the knowledge on the frequency of GHD among HIV-infected patients and the influence of gender on the severity of GHD. Accordingly, the diagnosis of GHD is more difficult in men with HIV due to the major interference of fat depots, leading to a higher risk of misclassification in males than females.
In conclusion, impaired GH response to GHRHCArg is very common in HIV-infected patients with lipodystrophy, and it is more frequent in men than in women. Adipose tissue seems to influence GH peak in males more than in females. However, distribution of adipose tissue more than fat mass per se seems to have a role in the GH-IGF1 status in these patients.
Unfortunately, notwithstanding the improved knowledge on this issue, thanks to these results, the differentiation between biochemical and true GHD in HIV-infected patients is still challenging and further studies are needed to select patients with true GHD and to address them to adequate treatment strategies.
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